Abstract Pharmaceutical and Personal Care Products (PPCPs) may cause serious and significant environmental pollution. Environmental analyses have detected pharmaceuticals in addition to conventional chemical pollutants. In our study, the acute toxicity of ibuprofen, naproxen, diclofenac, salicylic acid and substances that are mixtures themselves (INDS) on Aliivibrio fischeri bacterium were assessed with the use of ToxAlert ® . The selected materials are acidic in nature, highly polarized and widely sold over-the-counter analgesics. Doseresponse curves were drawn, and linear regression analyses and probit analyses determined their 50 %-effective concentrations (EC 50 ). The pharmaceuticals alone are unlikely to have acute impacts in aquatic environments. However, when evaluated in combination with A. fischeri bacterium, the acute toxicity of the INDS mixture was EC 50 7.09±5.1 mg/L and the acute toxicity of TUs was 14.10, which indicates their very toxic quality for organisms. Since the target components do not exist in isolation, we should primarily consider the toxicity of the mixture only at high concentrations.
affect other organisms in the environment? Pharmaceutical and Personal Care Products (PPCPs) are ubiquitous, and raise serious and significant problem of continuous and repetitive environmental pollution (Daughton and Ternes 1999) . As a result of the marketing of new medicines and personal care products and their detection in the aquatic environment, the effects of PPCPs, in combination with other chemicals, has become a very pertinent topic. Although the concentrations of the medicines in the environment are very low (ng/L or ppt), as they remain part of a mixture, they may reduce or cancel the effect of each other (antagonistic effect) or they may increase the effect of one another (synergistic effect). The synergistic effects of medicines may create a potential risk to non-targeted organisms.
Recent studies have shown that very little is known about the long-term impacts of drugs on aquatic organisms when biological goals are considered. The same is also true for the impacts of compounds that are able to exist as mixtures. An important reason for the interest in medical substances in the environment is their purpose of creating biological effects. Drugs are lipophilic in order to penetrate cell membranes, and they can be hydrolyzed in the acidic pH of the stomach. They are persistent, and have high mobility in the liquid phase. Due to these characteristics, drug-active substances or metabolites can be bio-accumulated and cause effects both in aquatic and terrestrial ecosystems (Ternes et al. 1998; Fatta et al. 2007) .
Although drugs are designed to target specific metabolic or molecular pathways in humans and animals, the majority of them have significant side effects. They may have toxic effects in various forms such as narcosis, polar narcosis, apnea, acetylcholinesterase inhibition, membrane irritation, or paralysis of the central nerve system (McCarty and MacKay 1993) .
Drug residues do not exist as polluters solely in aquatic environments-they generally exist as compounds. Therefore, we need to scientifically assess the risks of those complex compounds to aquatic organisms as well as the organisms' level of exposure to them. Ecotoxicological studies have been conducted for more than two decades, to determine the combined effects and risks of various substances Backhaus et al. 2000; Faust et al. 2001) . Generally, there are two different concepts to estimate the toxicity of a mixture: (1) Total concentration; and (2) Independent impact.
The concentrations of individual compounds in a mixture will potentially have a higher combined effect if they comply with the concept of "the total concentration of compounds". Another significant point in the concept of total concentration, is its contribution to the total impact of the mixture even in applications that are below individually unobserved (neutral) concentrations of the substance. The activity form of this type of compound is known as narcosis. The potential of a chemical to cause narcosis depends on its hydrophobic state, and is widely defined as a "n-octanol water allocation quotient" (logK ow ) (Cleuvers 2003) . Compounds defined as logK ow >3 have a relatively high capacity for bioaccumulation in the organism's tissues (Sanderson et al. 2003) .
The increasing and widespread use of eco-toxicity tests have started to gain similar importance to chemical analyses in the control of water pollution. Such tests generally use prokaryotic and eukaryotic organisms. Of these, plants, algae, bacteria and shelled organisms are widely used in toxicity tests (Radix et al. 2000; Castillo et al. 2001; Cleuvers 2004; Schnell et al. 2009; Dietrich et al. 2010 ). In our study, sea bacteria (A. fischeri) was used as a test organism in a bioluminescene inhibition test. More recently, bio-tests with bioluminescence bacteria have been the focus of increased interest, because, although toxicity mechanisms differ greatly, any substance that has a toxic effect on one organism is noted to have a similar effect on others. Thus, the identification of luminescence inhibition is representative of the impact of a substance on more complex organisms (Ren and Frymier 2002; Parvez et al. 2006) . The standard bioluminescence inhibition test is done in accordance with either ISO 11348-3 or DIN 38412 L34 standards. Inhibitions of A. fischeri bacterium after exposure to various diluted solutions are calculated from their EC 50 rates using probit and linear regression analysis.
The purpose of this study is to assess the single substance and combined toxicities present in high concentrations of naproxen, diclofenac, ibuprofen and salicylic acid (acetyl salicylic acid metabolite) via A. fischeri.
Materials and Methods

Toxicity Testing of Pharmaceuticals
Ibuprofen, diclofenac, naproxen, salicylic acid, NaOH, HCl and NaCl were all purchased from Sigma-Aldrich (Merck, Darmstadt, Germany; purity >98 %). We studied the single substance and mixture toxicity of naproxen, ibuprofen, diclofenac and salicylic acid using a long-term bioluminescence inhibition test with the marine bacterium A. fischeri acting as the test organism according to the protocol of the International Standard Organization (ISO 11348-3 1998). Samples of 100 mg/L were prepared from naproxen, ibuprofen, diclofenac, salicylic acid and the INDS mixture. Due to the low solubility of the drugs in water, stock solutions were prepared in 1 % ethanol/water, which have a non-effective solubility for luminescence bacteria. It is recommended to carry out toxicity tests at pH 6-8 with a sodium chlorine solution of 20 % or higher salinity (Onorati and Mecozzi 2003) . Therefore, using 1 N NaOH and 0.1 N HCl, the pH value of each stock solution was adjusted to the range 6-8, the optimum interval for the organism. In order to provide the relevant osmotic pressure for test organisms, the salinity concentration of the stock solution was adjusted by 2 % for NaCl. Measurements were performed using Merck ToxAlert ® 100 kits. The prepared stock solutions were diluted at 80 %, 50 %, 25 %, 12.5 %, 6.75 %, 3.2 % and 0.8 %. Reactivation solutions at room temperature were mixed well, and were left for a minimum of 15 min after adding 12.5 mL reactivation solutions to the vial. The experiments used A. fischeri bacteria that were liquid dried and frozen at −20°C. Samples of 0.5 mL were transferred from the reactivation solution in the equipment's reservoir to the liquid dried bacteria; they were then gently agitated and allowed to stand for 15 min. The bacteria and the diluted solutions were made ready for the tests. All tests were performed in duplicate. Data evaluation was performed according to ISO 11348-3 (Eq. 1), which resulted from the contrast of nontoxic free control samples within a 30-minute exposure duration and the concentration-effect curves were analyzed as described below.
Bioluminescence inhibition:
Effective concentration (EC 50 ) was defined as the sample concentration that resulted in a 50 % reduction in luminescence. The EC 50 rates of samples were measured through the curve that represented the dilatation factor of the inhibition percentage rates of samples (ASTMD 1996) . Following assessment of EC 50 rates, the Toxic Unit (TU) dosage was determined. The Toxic Unit for Standard Material was calculated with reference to Sprague and Ramsay's (1965) formula: (TUs)=(EC 50 ) −1 ×100. Regarding this scale: if TU=0, the sample is non-toxic (nt); if TU <1, it is slightly toxic (st); if TU is 1-10, it is classified as toxic (t); if TU is 11-100, the sample is very toxic (vt) and if TU >100, then the sample is extremely toxic (et).
Results
A toxicity-unit (TU) scale was used to assess the toxicity of the tested samples. A doseresponse chart was drawn for ibuprofen, naproxen, diclofenac, salicylic acid and INDS, as shown in Fig. 1 , and EC 50 rates were found.
Regression equations and probit analyses were used to determine the Toxic Unit (TUs) for EC 50 rates. According to the regression results, the EC 50 rates were found to be 39.93±2. There was no significant difference between the TU rates obtained from those two analyses. The toxicity assessment showed that individual components were toxic, whereas the mixture was categorized as highly toxic.
In a bioluminescence inhibition test using A. fischeri for ibuprofen, Farré et al. (2001) reported that EC 50 rates were 12.1 and 19.1 mg/L, while Jin Sung Ra et al. (2008) found it to be 37.5 mg/L. In our study, probit analysis determined EC 50 to be 39±0.8 mg/L, which is equivalent to a toxic TU rating for the organism.
In a bioluminescence inhibition test using A. fischeri for diclofenac, Ferrari et al. (2003) stated that EC 50 was 11.45 mg/L and diclofenac compound was very sensitive in A. fischeri compared with other organisms. Farré et al. (2001) reported that EC 50 rates for diclofenac were 13.3 and 13.7 mg/L, whereas Ra et al. (2008) found EC 50 to be 9.7 mg/L. In our study, probit analysis determined EC 50 to be 11.79±1.75 mg/L, which is classified as being toxic for organisms. Compared with other target components, the most toxic is diclofenac.
In bioluminescence inhibition test using A. fischeri for salicylic acid, Farré et al. (2001) found EC 50 to be 41.3 mg/L, whereas Henschel et al. (1997) noted it to be 90 mg/L. In another study, the lowest EC 50 rate of salicylic acid was reported as 37 mg/L, while the highest concentration in the aqueous environment was 60 μg/L (Karl et al. 2005 ). In our study, probit analysis results confirmed that EC 50 was 54.39±8.9 mg/L, which is classified as toxic for organisms.
In a bioluminescence inhibition test using A. fischeri for naproxen, Farré et al. (2001) confirmed EC 50 to be 21.2 and 35.6 mg/L. In our study, probit analysis determined EC 50 to be 53.35±7.9 mg/L, which is classified as toxic for organisms.
Discussion
Many studies have been performed on the acute toxic effects of medicines on non-targeted organisms, and the effects of medicines in isolation and in mixtures have been compared. According to the research results, the toxic effects of medicine mixtures are more complex and unpredictable compared to the toxic effects of single medicine (Dietrich et al. 2010; Flaherty and Dodson 2005; Cleuvers 2003 Cleuvers , 2004 . Dietrich et al. (2010) stated that Daphnia magna exposed to karbamazepine, diclofenac, 17 α-ethinylestradiol and metoprolol, did not experience a stronger effect when these medicines were applied as a mixture rather than individually. In contrast to this study, Cleuver (2003 Cleuver ( , 2004 examined the ecotoxic potentials of antiinflammatory drugs in addition to their various activities in different biotest groups with various aquatic organisms. The NSAID mixture (diclofenac, ibuprofen, naproxen, acetylsalicylic acid) was analyzed in acute Daphnia and algae tests. Although one sole compound either had no effect or only a slight effect, the mixture was determined to be toxic. Schnell et al. (2009) showed that the toxic effect of various therapeutic medicine mixtures is show additive effects when they are together, while they showed antagonistic effect in higher concentrations. Reasons for the inconsistent results in their study are that they used different species (Zhang et al. 2010 ) and different medicines interacting in the same or the opposite direction (Dietrich et al. 2010; Cleuvers 2004) Therefore, the existing studies on mixture toxicity should be expanded upon. Annual consumption of ibuprofen is estimated to be in hundreds of tonnes (Koutsouba et al. 2003) . Many studies have reported that ibuprofen is representative of anti-rheumatic medications (Wiegel et al. 2004) . Studies have shown that 14 % of consumed ibuprofen does not undergo change (Daughton and Ternes 1999) . Almost every water sample taken within Europe is reported to have detectable levels of this active substance, because it is very frequently prescribed and its use is pervasive (Andreozzi et al. 2003; Rodriguez et al. 2003) . Less than 1 % of the diclofenac compound is excreted from the body. Its half-life t 1/2 is 4 h. Entering the aqueous environment, it is decomposed rapidly by photodegradation in less than 24 h (Buser et al. 1998; Ayscough et al. 2000) . Despite these characteristics, diclofenac has been specified as a very significant active drug component, both in surface waters and wastewater samples during long-term monitoring studies (Heberer 2002) . Acetylsalicylic acid is used as an analgesic and anti-inflammatory, and is one of the most widely used pharmaceuticals. By 2000, sales had reached 1000 tonnes per annum in Europe (Heberer 2002; Dietrich et al. 2002) . Its rate of use in the UK is 18 tonnes per annum (Jones et al. 2002) . In a study conducted in Turkey, salicylic acid was detected at 18.74±3.3 ng/L in surface waters (Dökmeci et al. 2013) . Naproxen is an over-the-counter anti-inflammatory drug that is commonly used in medical and veterinary sciences (Metcalfe et al. 2003) . It is known that 60 % of the dosage is excreted from the body without being metabolized, and it is relatively persistent in the environment (Kosjek et al. 2005) . A study in Turkey detected 15.58±1.5 ng/L of naproxen in surface waters (Dökmeci et al. 2013) .
In Turkey, by 2008, the prescription (Rx) drug market was valued at 12 billion TRY (9.3 US dollars) annually, following a 9 % growth, and box sales had reached 1.38 billion after an expansion of 5 %. Antibiotics rank first in box sales. As presented in Fig. 2 , non-steroidal antiinflammatory drugs (NSAIDs) have the same market share as cold and flu medicines. Similarly to Turkey, over-the-counter sales of NSAIDs reach hundreds of tonnes in many other countries.
The components selected in our study are medicine groups that are frequently consumed and that are sold without a list of ingredients. The studies show that these medicine components are individually present in low concentrations in the receiving environment. However, as other components are also present in the receiving environment, the threat posed by mixture toxicity should not be ignored. All the NSAIDs utilized in our study have diverse biological effects on various cellular sources, such as vasodilatation, bronchoconstriction, natural killer activation inhibitions, suppressor T modulation, platelet activity inhibition, platelet aggregation and vasoconstriction (Dökmeci 2007). As a result of the disposal of these drugs, which are intended to produce specific effects in medicine or veterinary science, there will be undesirable side-effects for organisms in the receiving environment.
The individual acute toxicity alignment of ibuprofen, naproksen, diclofenac and salicylic acid, according to EC 50 values, were found to be: DIC > IBU > NAP > SA. When diclofenac was compared with other components in acute toxicity alignment, the EC 50 value (11.79± 1.75) was found to be very close to the EC 50 value which we determined for the INDS mixture. The EC 50 rate of the mixture of ibuprofen, naproxen, diclofenac and salicylic acid together was 7.09±5.1 mg/L, which is classified as very toxic. These results are consistent with the findings by Cleuvers (2004) , who reported in a QSAR approach-based study that NSAIDs acted on Daphnia and algae by nonpolar narcosis and that the higher the logK ow of the substance, the higher was its toxicity. However, Rudzok et al. (2011) found a weak bond between toxicity and the log K ow values of the organic polluters. This difference in the studies is considered to originate from the structure of the chemical substance.
Conclusions
Drug components are not toxic at their existing concentrations in the environment; however, they might become toxic as mixtures, due to what is termed the synergistic impact or total impact. It is not possible to determine the acute toxic effects of medicine mixtures in receiving environments by taking their individual effects as a basis. Our knowledge about drug residues in aquatic environments indicates that they will not solely present a risk for acute toxicity. Since these components do not exist in isolation but coexist with diverse organic and inorganic chemicals, it is necessary to monitor these drug components in wastewater discharge effluents and to optimize wastewater treatment plants. Furthermore, there are very few studies about the chronic toxicities of these chemicals on the organisms in the receiving environment. The development of these studies is very important in terms of eco-toxicology science as a whole.
